The study investigated the effects of probiotic bacteria (Lactobacillus reuteri ZJ625, Lactobacillus reuteri VB4, Lactobacillus salivarius ZJ614, and Streptococcus salivarius NBRC13956) administered as direct-fed microorganisms on growth performance and blood parameters of weaned piglets. Forty-five weaned piglets were divided into five treatments: antibiotic (PC), no antibiotic and no probiotic (NC), probiotic (P1), probiotic (P2), and combination of probiotics (P3). Fecal and ileum samples were collected for microbial count analysis. Blood samples were also collected from the animals at the end of the trial for the hematological and biochemical analysis and the ability of the probiotics to stimulate immunoglobulin G (IgG). Supplementation of probiotics had no effect on feed intake (FI). However, average daily weight gained (ADG) in the P3 treatment was higher than in other treatments and lowered the value of feed conversion ratio (FCR) of weaned piglets. Microbial count of fecal samples did not differ in all the treatments while ileum samples had lower enteric bacteria in P3 treatment when compared to other treatments. Concentration of albumin, globulin, neutrophils and basophils were higher in the NC treatment when compared to other treatment groups. The IgG concentration was highest in P3 compared to other treatments. Results suggested that probiotics have beneficial effects on growth performances, blood parameters, and IgG stimulation of weaned piglets. This advocates that probiotics will offer a significant benefit in pig farming by reducing the risk of post weaning diarrheal syndromes, and therefore enhance pig industry's economy. ______________________________________________________________________________________
Introduction
Weaning transition is a complicated phase in pig production because piglets are weaned from the ages of three to four weeks old (Moeser et al., 2007) . During this phase, the piglets have to cope with unexpected hasty separation from the sows, mixed with other clutters in a strange environment, and their diet changes from easily digestible (milk) to less digestible (solid) food (Lalles, 2007) . Weaning is a very critical period in pig production, as it may result in digestive disturbance, which causes growth set-back, and low feed intake in piglets. This can ultimately result in mortality in some cases (Hacin et al., 2008) . This transition period is frequently linked with high occurrence of Post-Weaning Diarrheal Syndromes (PWDS), which is triggered by potential enteric pathogens such as Escherichia coli (E. coli) (Rist et al., 2013) . PostWeaning Diarrheal Syndrome is a multifactorial disorder that arises after weaning, but is characterized by the proliferation of Enterotoxigenic E. coli (ETEC) in the gut (Tang et al., 2009) . Once PWDS outbreaks occur in farms, the morbidity may be over 50% among the weaned piglets (Laine et al., 2008) and this eventually results in huge economic losses in the pig industry (Kiers et al., 2003) .
Antibiotics have been added in the diet of just weaned piglets in order to reduce the occurrence of diarrhoea, while at the same time promoting growth performance (Thu et al., 2011) . However, in some European countries, antibiotics have been legislatively and voluntarily banned for use in pigs' diet as growth promoters (Pluske et al., 2002) . This is because of the concerns about antibiotic residues in animal food products and the development of bacterial resistance to antibiotics; hence, development for alternative to antibiotics is necessary. Probiotics are potential alternatives (Gu et al., 2006) ; probiotics are non-toxic live microorganisms that are normally used as animal feed additives. They produce beneficial effect to equilibrate intestinal flora of an animal (Yirga, 2015) . Probiotics compete with harmful gut flora, stimulate the immune system of the animal, and increase its resistance to infectious agents in order to promote growth (Kritas & Morrison, 2005) ; and have been reported to be able to lower blood cholesterol (Ooi & Liong, 2010) . Probiotics execute these health benefits by reducing metabolic reactions that produce toxic substances, produce vitamins and anti-microbial compounds such as bacteriocins (Hemaiswarya et al., 2013) .
The most commonly used probiotics microorganisms belong to lactic acid bacteria (LAB), such as Lactobacillus spp., Bifidobacterium spp., and Enterococcus spp. (Ljungh & Wadstrom, 2006) , and Streptococcus spp. These bacteria are normally isolated from intestinal microflora of the intended species and selected based on conditions such as resistance to stomach acids, bile salts, ability to colonize the intestinal harmful microorganisms (Cho et al., 2011) . Thus, the objective of this study was to test the efficacy of putative probiotic strains of Lactobacillus reuteri ZJ625, Lactobacillus reuteri VB4, Lactobacillus salivarius ZJ614, and Streptococcus salivarius NBCR 13956 on growth performance, hematological and biochemical parameters, and antibody stimulation on weaned piglets.
Materials and Methods
Procedures involved in this study complied with all the relevant legislation regarding the protection of animal welfare and were approved by the Agricultural Research Council (ARC), Animal Production Institute (API) Ethics Committee (APIEC13/008).
Probiotic bacteria were isolated and characterized from the gastro-intestinal tracts (GIT) of eight piglets of South African Windsnyer pig breed. These pigs have proven records of tolerance to diseases, high weaning rates and low incidences of post weaning diarrhoea (PWD). Combinations of both the molecular sequencing (16S ribosomal RNA) and analytical profile index (API® Biomerieux, SA) methods were used to identify the probiotics. The probiotics were prepared in MRS agar slants and stored in ultra-low-freezer. Lactobacillus reuteri ZJ625, Lactobacillus reuteri VB4, Lactobacillus salivarius ZJ614 and Streptococcus salivarius NBRC 13956 probiotic strains were revived by inoculation in Man, Rogosa and Sharpe broth (MRS; Oxoid, England). The probiotics were then grown in anaerobic jars with CO 2 -generating kits (Anaerogen; Thermofisher, UK) at 37 °C for 24 hr. The revived probiotic strains were inoculated with the appropriate culture at 1% (v/v) and grown anaerobically in MRS broth overnight following the procedure described by Casey et al. (2007) .
The study was carried out at the Agricultural Research Council (ARC) Gastrointestinal Microbiology and Biotechnology Unit and Pig Nutrition Unit in Gauteng, South Africa. Weaned piglets (n = 45), of which 23 were commercial (large white x landrace) breed piglets and 22 were South African indigenous Windsnyer breed piglets, entered the study at four weeks old, at a weight range of 7.5 to 9.5 kg and were in a trial for a period of 30 days. Pigs were kept individually in a temperature-controlled building in flat deck type cages (1.5 x 1.0 m) with perforated metal floor, equipped with self-feeders and automatic water nipple; and piglets had unrestricted access to water for the whole trial period.
The piglets were randomly assigned to five treatments (9 per treatment). Treatment 1: diet containing no antibiotic and no probiotic (NC); Treatment 2: diet containing antibiotic -no probiotic (PC); Treatment 3: diet supplemented with probiotic (L. reuteri ZJ625) (P1); Treatment 4: diet supplemented with probiotic (S. salivarius NBRC13956) (P2); and Treatment 5: diet supplemented with combination of probiotics (L. reuteri ZJ625, L. reuteri VB4, L. salivarius ZJ614 and S. salivarius NBRC 13956) (P3). L. reuteri VB4 and L. salivarius ZJ614 have been tested and confirmed in our previous studies (forthcoming) to have probiotics properties; hence, in this study they are combined with newly tested probiotics to confirm synergy when all are combined together. The diet used in these experiments was in the form of pellets and was formulated to provide the nutrient requirements regardless of treatments, although for positive control group, in-feed antibiotic lyncospectin was added. The ingredients and composition of the experimental diets are presented in Table 1 and viable cell counts of probiotics used in the study are presented in Table 2 .
The piglets were supplied with sufficient feed and water through self-feeders. Feed intake (FI) and body weight were monitored and measured weekly to determine the average daily gain (ADG), feed intake (FI), and feed conversion ratio (FCR). The FI of pigs was recorded once a week by offering a weighed quantity of feed and weighing their residues, while the ADG was calculated by subtracting the initial body weight from the final body weight and thereafter divided by the number of feeding days on trial. The FCR for each piglet was calculated by dividing feed intake by the body weight gain. Piglets in a probiotic treatment were administered with 10 mL of 24 hour old culture once a week, orally using a syringe. Mortalities and morbidities were monitored, noted, and subjected to post mortem examination. A day after oral administration of probiotics, 10 g of fresh fecal samples were collected weekly from each piglet, for bacterial enumeration and stored at -80 °C. At the end of the trial (30 days), pigs were slaughtered and a segment of ileum was removed and placed in a sterile tube containing 9% (v/v) normal saline for bacterial enumeration. Collected fecal and ileum samples were serially diluted from 10 -1 to 10 -8 . Dilutions were subsequently plated in triplicate on selective agar media for enumeration of target bacterial strains. Total bacteria, enteric and lactic acid bacteria (LAB) were enumerated using nutrient agar (Oxoid, England), violet red bile agar (VRB; Oxoid, England) and Man, Rogosa and Sharpe agar (MRS; Oxoid, England) respectively, following the traditional method of An et al. (2008) . Each plate was incubated at 37 °C for 24 hour, anaerobically for LAB and aerobically for enteric and total bacteria. Colonies were counted using automated colony counter (Ben-art product, USA). Results were presented as the average of the three dilutions at base 10-logarithm colony forming unit per mL (cfu/mL).
At the end of the trial, approximately 20 mL of blood were collected from sacrificed piglets, for the analysis of hematological, biochemical and IgG stimulation. Blood samples collected into EDTA (BD Diagnostics, pre-analytical systems, Midrand, USA) were transported on ice to the Diagnostic Laboratory, for the determination of selected hematological parameter analysis. The hematological parameters analyzed included red blood cells (RBC) (hemoglobin and Hematocrit), white blood cells (WBC) (neutrophils, monocytes, lymphocytes, eosinophils, basophils) and platelets. In addition, biochemical parameters analyzed include total serum protein, albumin, globulin, cholesterol and glucose.
The preparation of serum was carried out using the method of Szabo et al. (2009) . Aliquots (2 mL) of blood samples collected into serum bottles were transferred into sterile 5 mL microcentrifuge tubes and centrifuged at 1200 rpm for 15 min using Sorvall MC-12V microcentrifuge (American Laboratory trading, Inc., USA). The fraction sera were later aspirated using Pasteur pipettes (Sigma-Aldrich, Johannesburg, South Africa) into sterile 5 mL centrifuge tubes and used within 12 hour of preparation. Swine serum samples were diluted (1:35, 000) and concentrations of IgG were quantified using Pig IgG enzyme-linked immunosorbent assay (ELISA) kits (Bethyl laboratories, Inc.; USA), following manufacturer's instructions. A Multiskan GO Microplate Spectrophotometer (Thermofisher Scientific, USA) was then used to measure the substrate absorbance at a wavelength of 450 nm. The results obtained (ng/mL) were multiplied by 10 -5 dilution factor and expressed as mg/mL. In each experiment serial dilution of standard samples were tested in order to obtain calibration curve, which was then computer-adjusted (with Fin graph software program). From this calibration curve, values of unknown IgG concentration were calculated.
The data was submitted to one-way analysis of variance (ANOVA), comparing five treatments as main effects, using SAS statistical software (SAS 9.3) (2003). Means were separated using Tukey's Test and differences were considered significant at P ≤0.05.
Results and Discussion
In all treatment groups, no significant difference was observed (P >0.05) for FI (Table 3 ). The ADG on P3 treatment group was higher (P ≤0.05) as compared to other treatment groups and FCR was better in P3 treatment group. Table 4 shows effect of probiotic bacteria on biochemical parameters. No significant difference (P >0.05) was observed in all treatments when total serum protein, cholesterol and glucose were measured in the experimental animals. The concentration of albumin and globulin showed higher significant difference (P ≤0.05 in NC treatment group as compared to other treatment groups. 
. salivarius ZJ614 and S. salivarius NBRC13956). TSP = Total serum protein, ALB = Albumin, GLO = Globulin, CHO = Cholesterol, GLU = Glucose Table 5 shows effect of probiotic bacteria on hematological parameters. No significant difference (P >0.05) observed in all treatments except for segmented neutrophils and basophils. Segmented neutrophils and basophils had higher concentration (P ≤0.05) in NC treatment group as compared to other treatment groups. Several studies on probiotics have been published in recent years, suggesting that probiotics offer beneficial nutrition and protection against pathogens for animals and humans, particularly in the pig industry (Chaucheyras-Durand and Durand, 2010; Ezema, 2013; Devi and Kim, 2014) . In the present study, no significant difference was observed for FI between the treatment groups (Table 3) . However, ADG on the P3 treatment group (combination of probiotics) was higher (P ≤ 0.05) as compared to other treatment groups and resulted in a drastic improvement in FCR in the P3 treatment group. The FCR of this P3 group improved from 2 kg of feed consumed for 1 kg of weight gain to 1.4 kg of feed consumed for 1 kg of weight gain, which is an improvement of 30% in efficiency. The extrapolation from these results is that the producer would have invested less money per kilo of weight when the pig reaches slaughter weight. Lojanica et al. (2010) reported similar results when evaluated effects of probiotic Enterococcus faecium DSM 7134 in the weaned piglets nutrition. They found that piglets fed E. faecium had greater daily weight gain and improved feed conversion ratio. Vrotniakiene & Jatkauskas (2013) also reported improvement in both daily weight gain and feed conversion ratio, when pig diet is supplemented with Enterococcus-based probiotics. These results demonstrate that supplementation of a combination of probiotics has potential to be used as a dietary supplementation in weaned piglets.
A properly balanced gut microbiota has the ability to positively affect the integrity of the intestinal barrier against colonization by pathogens (Jandhyala et al., 2015) , through its protective and metabolic function and can stimulate the immune system in an anti-inflammatory manner (Wu and Wu, 2012) . However, physiological and/or psychological stresses such as weaning lead to dysfunctional of gut microbial composition (McLamb et al., 2013) . By supplementing probiotics to the piglets feeding during post weaning, there is a potential to modulate intestinal microbial diversity by improving the establishment of beneficial bacterial populations for health and reducing pathogenic bacteria such as enterotoxigenic E. coli (Brousseau, et al., 2015) . In this study, the supplementation of probiotics did not reduce enteric bacterial counts nor increased lactic acid bacterial (LAB) counts in fecal samples (Figure 1) . These results are similar to those reported by Giang et al. (2011) , where how probiotics supplementation affects performance, nutrient digestibility and fecal microflora in growing-finishing pigs was evaluated. The authors reported that inclusion of Bacillus in pig diet did not affect fecal microflora. However, Figueiredo-Silva et al. (2010) found different results, while studying probiotics and antibiotics as additives for sows and piglets during nursery phase. They found that the prevalence of E. coli associated with pathogenic groups was lower with the use of probiotics. Hu et al. (2014) also reported that probiotic supplementation on diet of weaned piglets reduced E. coli counts in fecal samples. From ileum samples counts, no significant difference was observed in all treatment groups, with an exception of P3 treatment group regarding cfu/mL of lactic acid bacteria, enteric bacteria and total bacteria. P3 treatment group had lower cfu/mL of enteric bacteria as compare to lactic acid bacteria and total bacteria (Figure 2 ). It has been reported that probiotic bacteria maintain normal gut microflora in two ways: competitive exclusion and antagonism. Once probiotic bacteria reach the gut and established themselves, they may produce bactericidal compounds (bacteriocins) such as organic acids, hydrogen peroxide, and lactoferrin. These substances reduce the pH in the gut and this creates an environment where pathogenic bacteria cannot grow (Kamada, 2013) . These results are consistent with results of Mallo et al. (2010) , who found that the addition of Enterococcus faecium to diet improves the intestinal microbiota of the piglets. In their study, they observed that piglets receiving the probiotic bacteria in the diet had significantly higher cfu/mL of lactic acid bacteria in the ileum while the cfu/mL of E. coli was significantly lower. Enterobacteria are potential intestinal pathogens when an imbalance of the intestinal microflora occurs. It has been reported that a decrease of E. coli in probiotic-fed piglets led to improved LAB/E coli ratio, a suggested indicator of gut health (Dong et al., 2013) . The decrease in enteric bacteria in ileum samples of piglets fed a combination of probiotics (P3) indicates improved gut health.
A well-balanced gut microflora is able to affect the integrity of the intestinal barrier against colonization through its protective and metabolic function and can stimulate the immune system in an antiflammatory manner. However, physiological or psychological stresses caused by weaning process compromise gut microbiota and results to intestinal dysfunction. Probiotics are mostly applied on this kind of situation, in order to re-establish the gut microbial balance (Ahmed et al., 2014) . The results from this study indicates that supplementation of probiotics in weaned piglets feed enhance the immune system.
Results on Table 4 show the probiotics effect on blood biochemistry parameters of the slaughtered piglets. No significant difference was observed for parameters such as total serum protein, cholesterol and glucose among all treatment groups. It was only observed for globulin and albumin; negative control group had high concentration of albumin and globulin. These results are similar to those observed by Busanello et al. (2015) , who concluded that high concentration of albumin and globulin indicate the presence of infection and dehydration. This suggest that piglets in the control treatment group were more exposed to infections as compared to piglets in the probiotic treatment groups. On the contrary, Kumar et al. (2012) reported no significant difference observed in the concentration of albumin and globulin in all treatment groups.
Findings of probiotic effect on hematology of slaughtered piglets' blood are shown on Table 5 . No significant difference was observed amongst treatment groups regarding hematology parameters, except for segment neutrophils and basophils. Segment neutrophils and basophils had higher (concentration in the control treatment group than in probiotic groups. These findings are similar to those of Nurliyani and Marsetyawan (2011) who reported that rat fed probiotic fermented goat milk had lower levels of neutrophils and basophils than rats in control treatment. Moreover, high levels of neutrophils and basophils indicates occurrence of infection. These findings clearly indicate that piglets in probiotic groups were in a healthier state as compared to those in the control treatment group. However, Al-Saiady et al. (2010) did not find significant improvement on hematology parameters from the use of probiotics.
The Figure 3 shows the effect of probiotics on IgG stimulation in piglets. Piglets fed probiotics had higher concentration of IgG than piglets fed positive and negative control feed. This significant increase of IgG in the probiotic group could be due to the persistent of probiotic bacteria in the intestinal tract and acting as immune adjuvant to the immune system and therefore stimulating IgG production (Naqid et al., 2015) . 
Treatments
These results are in accordance with results of Yu et al. (2004) . Yu and his co-authors evaluated the effect of probiotics and selenium combination on the immune and blood cholesterol concentration of pig. In their findings, they reported that piglets fed probiotics showed higher concentration of IgG than piglets fed treatment without probiotics. On contrary, Chen et al. (2005) reported different result when studied the effect of dietary probiotics on growth performances, nutrient digestibility, blood characteristics and fecal noxious gas content in growing pigs. In their findings, they reported IgG concentration was not affected by dietary treatment of complex probiotics. These results suggest that piglets administered with probiotics were healthier than those getting antibiotics. The findings correlates with challenges piglets face during weaning phase; such as low feed intake, stressful environment and weight loss. Thus, piglets in NC presented poor immune system.
Conclusions and Recommendations
From this study, the application of a probiotics blend in piglets clearly revealed that probiotics have great potential as alternatives to antibiotics. Although different probiotics strains, even of the same species may have different metabolic effects; which in turn affect growth performances, microbial count and blood parameters of piglets differently. Moreover, probiotics may be used to control post weaning diarrheal syndromes during weaning period. However, the mechanism of actions of probiotics is largely unknown. Hence, it is of utmost importance for more research to be carried out in order to elucidate the mechanism of probiotic actions, to provide more rigid recommendations about probiotics strains and their optimal performance levels. Additionally, studies of shelf life, supplementation stages, alternatives to oral administration, dose size, effect on different pig breeds and gender are also required.
